CLAIMS 



1. A digital subscriber line transmission system 
using QAM modulation on N = 2048 or 4096 tones spaced by 4.3125 
kHz, characterized in that it has at least two operating modes: 

- a VDSL standard operating mode where all N tones 
are used to convey significant values; and 

- an ADSL standard operating mode where only the 
first n = 128 or 256 among the N tones are used to convey 
s igni f i cant value s . 

2. The system of claim 1, characterized in that it 
comprises, on the transmitter side: 

an inverse fast Fourier transform (IFFT) circuit 
(12) having N frequency domain value inputs corresponding to 
said tones, among which only the first receive values 
corresponding to the n used tones, the remaining inputs being 
zeroed, 

a decimator (3 0) providing one sample for every r 
sarrples output by the IFFT circuit, with r = N/n, and 

a digital-to-analog converter (14) coupled between 
the decimator and a subscriber line (10) . 

3 . The system of claim 2 , characterized in that it 
comprises, on the receiver side: 

an analog- to-digital converter (24) sampling the 
signal on the subscriber line at a frequency F/r, where F is 
the operating frequency of the IFFT circuit; 

an interpolator (32) generating samples at 
frequency F from the saitples provided by the analog-to-digital 
converter; and 

a fast Fourier transform (FFT) circuit operating 
at frequency F and receiving the sanples from the interpolator 
through a time domain equalizer (26) ; 

wherein, when all N tones are used, the time domain 
equalizer is bypassed. 

4. The system of claim 1, comprising, at a 
transmitter side, an IFFT circuit (12 ») having: 



14 



a number of frequency domain inputs selectable at 
least among values N and n; and 

an operating frequency selectable at least among 
two values F and fn proportional, respectively, to the 
frequency of the last of the N tones and the last of the n 
tones , 

5. The system of claim 4, characterized in that it 
comprises, at a receiver side, an FFT circuit (20 having: 

a number of frequency domain outputs selectable at 
least among values N and n; and 

an operating frequency selectable at least among 
values F and fn. 

6. The system of claim 5, characterized in that each 
of the IFFT and FFT circuits includes five radix- 4 stages (34) 
and a last stage (36) having a radix selectable among 2 and 4, 
all connected to operate in pipeline mode, the desired number 
of frequency domain inputs or outputs of the circuit being 
selectable by bypassing an appropriate number of stages and by 
selecting the radix of the last stage. 
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I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Articie 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 17),)\ 
Description, pages: 

1-12 as originally filed 

Claims, No.: 

1-6 as received on 08/01/2001 with letter of 04/01/2001 

Drawings, sheets: 

1/3-3/3 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

H the claims, Nos.: 7 
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□ the drawings, sheets: 

5. □ This report has been established as If (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-6 




No: 


Claims 




Inventive step (IS) , 


Yes: 


Claims 






No: 


Claims 


1-6 


Industrial applicability (lA) 


Yes: 


Claims 


1-6 




No: 


Claims 





2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

Vlil. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35 (2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 Reference is made to the following documents: 

D1 : US-A-5 673 290 (ClOFFI JOHN) 30 September 1997 (1997-09-30) 
D2: EP-A-0 795 984 (MOTOROLA INC) 1 7 September 1 997 (1 997-09-1 7) 

2 The subject-matter of claim 1 , as far as it is clear (see Re Item VIII below), 
appears not to involve an inventive step in the sense of Article 33 (3) POT. 

2.1 Document D1 discloses, in terms of claim 1 , a digital subscriber line transmission 
system using QAM modulation on N = 2048 or 4096 tones spaced by 4.3125 kHz, 
(see column 4, lines 6 to 49, where all examples for the number of tones fall under 
the specified definition) having: 

a VDSL standard operating mode where all N tones are used to convey significant 
values; and 

an ADSL standard operating mode where only the first n = 1 28 or 256 among the 
N tones are used to convey significant values (see column 4, lines 8 to 18). 

The subject-matter of claim 1 differs from what is known from document D1 in that 
it provides at least two operating modes. However, this no more than providing the 
mere choice among known alternatives without providing technical features of the 
claimed system as to how the choice is accomplished. The provision of a choice 
among known alternatives is obvious (see POT International Preliminary Examina- 
tion Guidelines IV-8.8 (01) (i)). 

2.2 Since the combination of the features of claim 1 is obvious in view of document 
D1, the subject-matter of claim 1 appears not to involve an inventive step (Article 
33 (3) POT). 

3 The dependent claims 2 to 6 do not contain additional features which, when taken 
in combination with the features of the respective base claims, would lead to 
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subject-matter which appears to involve an inventive step. 

3.1 The additional features of claims 2 and 3 are already known from document D2 
(see figures 4 and 6). Therefore, the subject-matter of claims 2 and 3 appears not 
to involve an inventive step (Article 33 (3) PCT). 

3.2 The additional feature of claim 4 is already known from document D1 (see 
abstract). Therefore, the subject-matter of claim 4 appears not to involve an 
inventive step (Article 33 (3) PCT), 

3.3 The additional features of claims 5 and 6 are matters of normal design procedure 
for a man skilled in the art of subscriber line technology. Therefore, the subject- 
matter of claims 5 and 6 appears not to involve an inventive step (Article 33 (3) 
PCT). 

Re Item VII 

Certain defects in the international application 

4 Contrary to the requirements of Rule 5.1 (a) (ii) PCT, the relevant background art 
disclosed in the documents D1 and D2 is not mentioned in the description, nor are 
these documents identified therein. The documents D1 and D2 should therefore 
have been mentioned in the introductory portion of the description (see also PCT 
International Preliminary Examination Guidelines 11-4.4). 

Re Item VIII 

Certain observations on the international application 

5 Claim 1 is not clear in the sense of Article 6 PCT because it lacks essential 
features. On page 7, lines 5 to 9 of the description, it is stated that problems 
relating to increased power consumption remain to be solved with the system 
according to claim 1. Therefore, claim 1 does not contain all essential features of 
the invention. It appears that a combination of the features of claims 1 to 3 or a 
combination of the features of claims 1 , and 4 to 6 would lead to respective 
subject-matter which actually solves the problem outlined in the application (see 
also the PCT International Preliminary Examination Guidelines III-4.3). 
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6 The vague and imprecise statement in the description on page 12, lines 19 to 21 
implies that the subject-matter for which protection is sought may be different to 
that defined by the claims, thereby resulting in lack of clarity (Article 6 PCT) when 
used to interpret them (see the PCT International Preliminary Examination 
Guidelines lll-4.3a). The words "the spirit and" should therefore have been 
deleted. 
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Basis of the report 

a With regard to the language, the inteniatlonal search was carried out on the basis of the International appllcaUon In the 
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I I the Intematlonal search was carrted out on ttie basis of a translation of the International application fUnrdshed to this 
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filed togettier with the international application In computer readatHe form. 
fUmlshed subsequentty to tills Authority In written form. 
tUmlshed subsequentty to this AuttK)rtty In computer readble form. 



□ 
□ 
□ 
□ 

□ 



the statement that ttie subsequentty tUmlshed written sequence listing does not go beyond ttie disclosure In tiie 
International application as filed has been fumlshed. 

tiie statement tiiat tiie Information recorded In computer readable fonn Is Identical to ttie written sequence listing has been 
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2. 
3. 



I I Certain claims were fbund unsearchable (See Box I). 
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[X| ttie text Is approved as sukmiHted by ttie applicant. 
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MOLTISTANDAIUD DMT DSL TRANSMISSION SYSTEM 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to discrete multitone 
(EMT) based digital subscriber line (DSL) transmission systems 
5 which allow high speed communication on twisted pair telephone 
lines. The invention relates more specifically to a VDSL (Very 
high speed DSL) system which can be used with several existing 
or forthcoming standards. 
Discussion of the Related Art 

10 Figure 1 shows the spectrum of a signal transmitted 

according to the ADSL and ADSL-Lite (asymmetric DSL) standards. 
The ADSL standard uses quadrature ainplitude modulation (QAM) on 
each of 256 tones, the tones being equally spaced by 
4.3125 kHz. Thus, as shown, the last tone has a frequency of 

15 1.104 MHz. The ADSL-Lite standard only uses the first 128 
tones . 

As Shown, a gap is left at the beginning of the 
spectrum for "plain old telephone services" (POTS) . 

According to the ADSL standards, most of the tones 
2 0 are used for reception, the few remaining tones being used for 
transmission, hence the term "asymmetric DSL". 

Current VDSL standardization proposals devise the use 
of frequencies up to 11 . 04 MHz . 
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Figure 2 shows the spectrum of a signal transmitted 
by a conventional VDSL time domain duplexing (TDD) system such 
as described in "VDSL Alliance SDMT VDSL Draft Standard 
Proposal", ETSI STC/TM6, 973T13R0, Lannion, France, September 
29-October 3, 1997. This system uses 256 or 512 tones spaced, 
respectively, by 43 or 21.5 kHz. The last tone has a frequency 
of 11.04 MHz. All the tones are used for a same transmission 
direction at one time, the transmission direction being 
switched every other transmitted symbol. 

Figure 3 shows the spectrum a signal transmitted by a 
conventional VDSL "Zipper" system as disclosed in patent 
application WO 97/06619. It uses 2048 tones spaced by 
5.375 kHz, the last tone also having a frequency of 11.04 MHz. 
in this system, the tones used for transmission and for 
reception are chosen dynamically in order to cancel near-end 
crosstalk and near-end echoes. 

Figure 4 very schematically shows a DSL transmission 
system at one end of a telephone line 10. An inverse fast 
Fourier transform (IFFT) circuit 12 receives N complex 
frequency domain coefficients, where N is the number of tones 
used by the system, i.e. 128 or 256 for the ADSL standards, 256 
or 512 for the VDSL TDD system, and 2048 for the VDSL Zipper 
system. The IFFT circuit 12 generates, for each set of N 
coefficients, a time domain symbol. A symbol is thus the sum of 
N sinusoidal subcarriers of different frequencies corresponding 
respectively to the tones. The amplitude and phase of each 
subcarrier is determined by the corresponding frequency domain 
coefficient received by the IFFT circuit. The symbols are 
processed by a digital- to- analog converter 14 and a low-pass 
filter 16 and then transferred onto telephone line 10 through a 
hybrid line interface 18 . 

A cyclic prefix and a cyclic suffix are added to the 
symbol output by IFFT circuit 12 at 19. The cyclic prefixes are 
intended to eliminate inter symbol interference in the far- end 
receiver by providing a guard period during which the 
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propagation transients of the line may decay. The cyclic suffix 
is intended to cancel the effects of the sampling of 
discontinuities in near-end echoes. 

Line interface 18 also receives incoming symbols from 
line 10. These incoming symbols are provided to a fast Fourier 
transform (FFT) circuit 20 through a low-pass filter 22, an 
analog-to-digital converter 24 and, if necessary, through a 
time domain equalizer 26. 

The above mentioned cyclic prefix, in order to 
accoirplish its role, has a minimum length independent of the 
symbol length. In DSL systems using a relatively low number of 
tones, such as ADSL and VDSL TDD, the transmitted symbols are 
short, whereby the minimum length of the cyclic prefix is so 
long that it causes a substantial efficiency loss in the data 
transmission. In this case, the cyclic prefix is chosen shorter 
than necessary and it is the role of the time domain equalizer 
26 to coTtplement the short cyclic prefixes in the elimination 
of the intersymbol interference. 

In DSL systems using a large number of tones, such as 
in the VDSL Zipper system, the generated symbols are so long 
that the cyclic prefixes can be chosen at the necessary length 
without substantially affecting the efficiency of the 
transmission. In such systems, the time domain equalizer 26 is 
omitted . 

Moreover, in a VDSL TDD system, since the IFFT 
circuit and FFT circuit are never used at the same time, it is 
a single circuit which performs both functions. 

The IFFT and FFT circuits operate at least at twice 
the frequency of the last tone used by the system, i.e. 
1.104 MHz for ADSL-Lite, 2.208 MHz for ADSL, and 22.08 MHz for 
the known VDSL systems. 

It is clear that the ADSL standards and forthcoming 
VDSL standards differ in many ways (the number of used tones, 
the spacing between the tones, the operation frequency of the 
IFFT and FFT circuits...), which is likely to increase the 
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number of types of modems capable of exploiting these 
standards . 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a 
transmission system which will allow a single modem to exploit 
many DSL standards with a low complexity. 

To achieve this and other objects, the invention 
provides a digital subscriber line transmission system using 
QAM modulation on several equally spaced discrete tones. At a 
high transmission rate, the system uses N = 4096/p tones spaced 
by 4.3125 kHz, where p is a power of 2 (p = 1, 2, 4, 8...) . 

According to an embodiment of the invention, for 
transmitting at a low transmission rate according to an ADSL 
standard, only the first n = 128 or 256 tones are used with 
p = 1. 

According to an embodiment of the invention, the 
system cortprises, on the transmitter side, an inverse fast 
Fourier transform circuit having N frequency domain value 
inputs corresponding to said tones, among which only the first 
receive values corresponding to the n used tones, the remaining 
inputs being zeroed, a decimator providing one sample for every 
r saitples output by the IFFT circuit, with r = N/n, and a 
digital-to-analog converter coupled between the decimator and a 

subscriber line. 

According to an embodiment of the invention, the 
system comprises, on the receiver side, an analog- to-digital 
converter satrpling the signal on the subscriber line at a 
frequency F/r, where F is the operating frequency of the IFFT 
circuit; an interpolator generating samples at frequency F from 
the samples provided by the analog-to-digital converter; and a 
fast Fourier transform circuit operating at frequency F and 
receiving the sattples from the interpolator through a time 
domain equalizer. When all N tones are used, the time domain 
equalizer is bypassed. 
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According to an embodiment of the invention, the 
system is applicable to a standard using n first tones among 
the N tones, where n is a power of 2. It comprises, at a 
transmitter side, an IFFT circuit having a number of frequency 
domain inputs selectable at least among values N and n,- and an 
operating frequency selectable at least among two values F and 
fn proportional, respectively, to the frequency of the last of 
the N tones at the high transmission rate, and to the last of 
the n tones . 

According to an embodiment of the invention, the 
system cortprises, at a receiver side, an FFT circuit having a 
number of frequency domain outputs selectable at least among 
values N and n,- and an operating frequency selectable at least 
among values F and fn. 

According to an embodiment of the invention, each of 
the IFFT and FFT circuits includes five radix- 4 stages and a 
last radix- 2 or radix- 4 stage connected to operate in pipeline 
mode, the desired number of frequency domain inputs or outputs 
of the circuit being selected by bypassing an appropriate 
number of stages and by selecting the radix of the last stage. 

The foregoing and other objects, features, aspects 
and advantages of the invention will become apparent from the 
following detailed description of embodiments, given by way of 
illustration and not of limitation with reference to the 
accompanying drawings. 
Brief Description of the Drawings 

Figure 1, previously described, shows a spectrum of 
signals transmitted according to the ADSL and ADSL-Lite 
standards ; 

figure 2, previously described, shows a spectrum of 
signals transmitted in a conventional VDSL TDD system; 

figure 3, previously described, shows a spectrum of 
signals transmitted in a conventional VDSL "Zipper" system,- 

figure 4 partially and schematically shows a DSL 
transmission system; 
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figure 5 shows a spectrum of signals transmitted in 
an embodiment of a VDSL system according to the inventions- 
figure 6 partially and schematically shows an 
embodiment of a VDSL system according to the invention 
adaptable to the ADSL and ADSL-Lite standards; 

figure 7 schematically shows an embodiment of an IFFT 
circuit used in a VDSL system according to the invention; and 

figure 8 schematically shows an architecture of a 
universal DSL modem according to the invention, incorporating 
IFFT and FFT circuits according to figure l . 
Detailed Description 

As illustrated by the spectrum of figure 5, an aspect 
of the invention is to extend the spectrum of an ADSL-Lite 
transmission in order to approach the maximum frequency used in 
conventional VDSL systems, i.e. 11.04 MHz, The number of tones 
should be a power of 2 to be cortpatible with IFFT and FFT 
circuits of conventional architecture. In the embodiment of 
figure 5. the invention uses 4096 tones spaced by 4.3125 kHz, 
whereby the last tone has a frequency of 17.664 MHz. By using 
2048 tones, the last tone would have a frequency of 8.832 MHz, 
whereby the transmission rate is significantly reduced with 
respect to a system which uses tones up to the devised limit of 
11.04 MHz. 

An aspect of the invention is to note that such a 
system, using 4096 tones, is immediately usable with any 
standard using fewer tones at the same spacing, such as 128 or 
256 (ADSL-Lite, ADSL) . 

To transmit data according to the ADSL or ADSL- Lite 
standards with the above solution, it is sufficient to just use 
the first 128 or 256 tones by providing corresponding 
coefficients to the first frequency domain inputs of the IFFT 
circuit, and by zeroing the remaining inputs. In reception 
mode, the FFT circuit will extract to its first 128 or 256 
outputs the wanted coefficients, the remaining coefficients 
being zero. 
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The only mcxiif ication to bring to transmission system 
is to provide zero-padding and depadding circuitry for adapting 
the low rate of the effective digital data transmission to the 
fixed high operation speed of the IFFT and FFT circuits. 

A drawback of such a system is however that it 
operates at the highest frequency, adapted to the highest 
transmission rate, whereas the effective data transmission rate 
may be much lower. This . causes unnecessary extra power 
consumption of the analog front-end. 

Figure 6 schematically shows an embodiment of a 
transmission system operating as described above and 
additionally provided with circuitry for reducing the power 
consunption. As an exanple, the system is intended to operate 
with 4096 tones and is used with the ADSL standard, which will 
only use 256 tones. As shown, only the first 256 inputs of iFFT 
circuit 12 and the 256 first outputs of FFT circuit 20 are 
used. 

The IFFT and FFT circuits operate at 35.228 lyiHz, i.e. 
twice the frequency of the last of the 4096 tones. The IFFT 
circuit 12 thus generates samples at 35.228 MHz. These samples 
are provided to a decimator 30 which provides only every 16th 
sanple to digital-to-analog converter 14. Digital -to- analog 
converter 14 then operates 16 times slower, i.e. at 2.208 MHz. 
Of course, the cut-off frequency of the low-pass filters 16 and 
22 is adapted to the frequency of the digital -to- analog 
converter 14 . 

The analog- to- digital converter 24 is cloclced to 
saitple the received signal 16 times slower, i.e. at 2.208 MHz, 
and the samples are provided to an interpolator 32 which 
generates the missing samples to provide to FFT circuit 20 at 
35.228 MHz. 

With the above example, the power consumed by 
converters 14 and 24 is substantially reduced. This power 
consumption will be further reduced if the ADSL-Lite standard 
is used with the system. 
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When the system is used at its highest transmission 
rate, the decimator 3 0 and the interpolator 32 are bypassed as 
shown by switches, and the analog- to-digital converter 24 is 
clocked at the same speed as the IFFT and FFT circuits, i.e. 
35.228 MHz in the example. 

A purpose of a second embodiment of the invention is 
to further reduce the power consumption when the system is used 
at lower transmission rates. 

In order to reduce the power consumption, it would be 
useful to also adapt the operating frequency of the I^'FT and 
FFT circuits to the transmission rate effectively used, like 
the clock frequency of analog-to-digital converter 24 in figure 
6. However, by changing the operating frequency of the IFFT and 
FFT circuits, the spacing of the tones is also changed, which 

is not desired. 

To avoid this, the invention provides IFFT and FFT 
circuits of variable size, which is equivalent to making 
variable the number of tones used by the system. Then, if the 
size of the IFFT an FFT circuits is reduced by a factor k, it 
is sufficient to reduce the operating speed of the IFFT and FFT 
circuits by the same factor k for maintaining the spacing 
between the tones. In the exatrple of figure 6, the number of 
tones will be reduced by a factor 16, whereby the IFFT and FFT 
circuits would operate 16 times slower, i.e. at 2.208 MHz, the 
same frequency as analog- to-digital converter 24. Decimator 30 
and interpolator 32 are unnecessary. 

With this system, the total power consumption will be 
substantially proportional to the effective transmission rate 
used on the system. 

In contrast to what could be expected, making 
variable the number of inputs or outputs of an IFFT or FFT 
circuit is particularly simple if the number remains a power of 
2 . 

Figure 7 schematically illustrates an IFFT circuit of 
a conventional pipeline type, modified according to the 
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invention for making the number of inputs variable. The IFFT 
circuit comprises 5 pipelined radix-4 stages 34 followed by a 
last stage 36 which may be switched between radix- 2 and radix- 
4 . The number of frequency domain inputs of the IFFT circuit is 
equal to the product of the radices of the stages, if the last 
stage is a radix-2, the IFFT circuit has 2048 inputs, whereas 
if the last stage is a radix-4, the IFFT circuit has 4096 
inputs . 

preferably, the last stage 36 can be switched between 
a radix-4 or radix-2 operation mode by a switch signal R2 . For 
this purpose, the stage is a full radix-4 and, for operating in 
radix-2 mode, suitable elements of the stage are bypassed. 

Each stage receives and provides complex coefficients 
at the digital data transmission rate. Each complex 
coefficient, corresponding at the input of the first stage to 
one data word, has a real part and an imaginary part which are 
processed in two respective cycles, hence the operating 
frequency of the IFFT circuit is twice the data transmission 
rate. The operating frequency is set by a clock signal CK. 

A radix-4 stage operates on 4 consecutive 
coefficients whereas a radix-2 stage only operates on 2 
consecutive coefficients. Each coefficient provided by the last 
stage 36 is converted into two time domain sanples by a cotiplex 
to real converter 38. 

The number of inputs corresponding to each stage is 
indicated in figure 7 at the bottom of the stages, a first 
value being the number of inputs when the last stage 36 is a 
radix-2, and a second value being the number a inputs when the 
last stage 36 is a radix-4. It thus clearly appears that the 
number of inputs of the IFFT circuit is selectable by bypassing 
one or several first stages of the circuit and by suitably 
selecting the radix of last stage 36. 

For the ADSL-Lite standard, the first two stages 34 
of the IFFT circuit are bypassed by a multiplexer 40, the radix 
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of the last stage 36 is chosen equal to 2, and the clock CK has 
a frequency of 1.104 MHz. 

For the ADSL standard, the first two stages 34 of the 
IFFT circuit are also bypassed by multiplexer 40, the radix of 
the last stage 36 is chosen equal to 4, and the frequency of 
clock CK is chosen equal to 2.208 MHz. 

For a VDSL transmission with 2048 tones according to 
figure 5, none of the stages is bypassed, the radix of the last 
stage 36 is chosen equal to 2, and the frequency of clock CK is 
chosen equal to 17.664 MHz. 

For a VDSL transmission with 4096 tones according to 
figure 5, none of the stages is bypassed, the radix of the last 
stage 36 is chosen equal to 2, and the frequency of clock CK is 
chosen equal to 35.328 MHz. 

A VDSL-TDD transmission would be modified to use a 
maximum frequency of 17.664 or 35.328 MHz instead of 22 MHz. 

For such a modified VDSL-TDD transmission with 512 
tones, the first stage 34 is bypassed by a m:ultiplexer 42, and 
the radix of last stage 36 is chosen equal to 2. 

For a modified VDSL-TDD transmission with 256 tones, 
the two first stages 34 are bypassed by multiplexer 40, and the 
radix of last stage 36 is chosen equal to 4. 

Finally, for the VDSL transmission of figure 5 with 
4096 tones, none of the stages is bypassed, the radix of the 
last stage 36 is chosen equal to 4, and the frequency of clock 
CK is chosen equal to 35.328 MHz. 

An FFT circuit with a selectable number of outputs is 
constructed in the same manner as the IFFT circuit of figure 7. 
The differences are that the first stage is preceded by a real 
to conplex converter which provides the real and imagd.nary 
parts of each complex coefficient in reverse order. The initial 
order is re-established at the output of the last stage, which 
is not followed by a cottplex to real converter. 

Further information on pipeline IFFT and FFT circuits 
can be found, for example, in "A Fast Single-Chip 
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Implementation of 8192 Points FFT" , IEEE Journal of Solid State 
Circuits. Vol. 30, N°3, March 1995, Pidet, Castelain, Senn, 
Blanc . 

It is devised, for VDSL-TDD and VDSL "Zipper" modems, 
that the tones will be used in an initial phase to transmit 
modem identification signatures. In other words, a transmitting 
modem, before establishing a communication, will send a signal 
conveying specific tones or ."bare" carriers, chosen depending 
on the standard among the possible tones. The receiving modem 
will detect which tones are present in the signal and identify 
the standard accordingly. For this purpose, the receiving modem 
should be "tuned-in" on the transmitting modem from the start, 
i.e. use at least the tones used by the transmitting modem. 
Every 8th or every 4th tone of a VDSL Zipper modem is used by a 
VDSL-TDD modem, whereby such an identification phase is 
possible in both directions if only the 256 or 512 tones of the 
VDSL-TDD system are used for the signatures. 

If an ADSL modem should send signatures using 
consecutive tones, a modem according to the invention should be 
consistent with figure 5, i.e. use a tone spacing of 4,3125 
kHz. However, since the signatures are not yet standardized, it 
may be devised that an ADSL modem will send signatures using 
only every p^^ tone, where p is a power of 2 . In this case, a 
modem having variable size IFFT and FFT circuits according to 
the invention may initially use a tone spacing of 4.3125 kHz 
and 4096/p tones and be switched to use 128 or 256 tones with a 
spacing of 4.3125 kHz upon identifying a remote ADSL modem. 

Figure 8 partially and schematically shows an 
architecture of a universal DSL modem incorporating IFFT and 
FFT circuits 12' and 20' as described above. Elements shown in 
previous figures are designated by same reference characters. 
The IFFT circuit 12* is preceded by a mapper 50 which 
associates complex coefficients to outgoing digital words. 
Circuit 19 which adds cyclic prefixes and cyclic suffixes to 
the symbols provided by IFFT circuit 12' also achieves pulse 
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shaping. A windowing or frequency weighted averaging is 
achieved at 52 on the data provided by time domain equalizer 26 
to FFT circuit 20'. The output of FFT circuit 20' is 
successively processed by a frequency domain equalizer 54, a 
radio frequency interference canceller 56 and a demapper 58 
which achieves the inverse function of mapper 50 . 

The IFFT and FFT circuits 12' and 20' are controlled 
by a controller 60 as described above in relation with figure 
7. Controller 60 also sets the sairpling frequency of analog-to- 
digital converter 24 at the operating frequency of the IFFT and 
FFT circuits. Moreover, controller 60 bypasses the time domain 
equalizer 26 and the radio frequency interference canceller 26, 
as shown by switches, when the number of tones used by the 
system is equal to 2048 or 4096. 

Elements of the architecture of figure 8 which are 
not further described are conventional and can be found in 
modems for existing standards, such as ADSL and ADSL-Lite 
(disclosed in Standard T1.413) , 

Such alterations, modifications, and improvements are 
intended to be part of this disclosure, and are intended to be 
within the spirit and the scope of the invention. Accordingly, 
the foregoing description is by way of exait^le only and is not 
intended to be limiting. The invention is limited only as 
defined in the following claims and the equivalent thereto. 

What is claimed is: 
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CLAIMS 

1. A digital siibscriber line transmission system 
using QAM mcxiulation on several equally spaced discrete tones, 
characterized in that, at a high transmission rate, the system 
uses N = 4096/p tones spaced by 4.3125 kHz, where p is a power 
of 2 (p = 1, 2, 4, 8, . . . ) . 

2. The system of claim 1, characterized in that, for 
transmitting at a low transmission rate according to an ADSL 
standard, only the first n = 128 or 256 tones are used with 
p = 1. 

3. The system of claim 2, characterized in that it 
cotiprises, on the transmitter side: 

an inverse fast Fourier transform (IFFT) circuit 
(12) having N frequency domain value inputs corresponding to 
said tones, among which only the first receive values 
corresponding to the n used tones, the remaining inputs being 
zeroed, 

a decimator (30) providing one sample for every r 
samples output by the IFFT circuit, with r = N/n, and 

a digital -to- analog converter (14) coupled between 
the decimator and a subscriber line (10) . 

4. The system of claim 3, characterized in that it 
comprises, on the receiver side: 

an analog- to-digital converter (24) sampling the 
signal on the siabscriber line at a frequency F/r, where F is 
the operating frequency of the IFFT circuit; 

an interpolator (32) generating samples at 
frequency F from the sanples provided by the analog-to-digital 
converter; and 

a fast Fourier transform (FFT) circuit operating 
at frequency F and receiving the sanples from the interpolator 
through a time domain equalizer (26) ; 

wherein, when all N tones are used, the time domain 
equalizer is bypassed. 
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5. The system of claim 1, applicable to a standard 
using n first tones among the N tones, where n is a power of 2, 
comprising, at a transmitter side, an IFFT circuit (12') 
having : 

a number of frequency domain inputs selectable at 
least among values N and n; and 

an operating frequency selectable at least among 
two values F and fn proportional, respectively, to the 
frequency of the last of the N tones at the high transmission 
rate, and to the last of the n tones. 

6. The system of claim 5, characterized in that it 
conprises, at a receiver side, an FFT circuit (20') having: 

a number of frequency domain outputs selectable at 
least among values N and n; and 

an operating frequency selectable at least among 

values F and fn. 

7. The system of claim 6, characterized in that each 
of the IFFT and FFT circuits includes five radix-4 stages (34) 
and a last radix- 2 or radix- 4 stage (36) connected to operate 
in pipeline mode, the desired number of frequency domain inputs 
or outputs of the circuit being selected by bypassing an 
appropriate number of stages and by selecting the radix of the 
last stage. 
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